INTRODUCTION
Invasions by human-introduced non-indigenous species (NIS) are one of the main threats to biodiversity and a driving force of global change (Vitousek et al. 1997 , Mack et al. 2000 , Clavero and García-Berthou 2005 . The Iberian Peninsula (IP) is a hotspot of biodiversity (Médail and Quézel 1999) and a knowledge of the invasive species inhabiting it is essential for conservation and environmental management. Naturalized vertebrates and plants in the IP have received considerable attention (see e.g. Vilà et al. 2001 , Pleguezuelos 2002 , Sobrino et al. 2002 , Lloret et al. 2004 , but its invasive invertebrates are very poorly known. Although there are many records of some invertebrate invasive species, particularly crustaceans, there are very few available reviews of selected taxa of invertebrate invaders in the IP (e.g. Espadaler and Collingwood 2001) . The aim of this chapter is to review the animal species naturalized in Iberian inland waters, including vertebrates and free-living and parasitic invertebrates. As usual, the taxonomy and biogeography of vertebrate species are much better known than for invertebrates, so our data for invertebrates should be regarded as a preliminary check-list. Similarly, the parasites of non-commercial aquatic species are poorly studied and the data in the IP mostly come from studies of the eel, Anguilla anguilla (Linnaeus), thus certainly underestimating the range of introduced parasites (Blanc 1997 (Blanc , 2001 ). We feel, however, that it is important to provide such a first check-list because many of the invertebrates involved are nowadays common in the IP and for many of them it is largely unknown even by biologists that they are not indigenous to the IP. Increasing the awareness on the introduced status and current distribution of these species is essential to reduce their spread and impact.
We compiled animal species cited (by March 2006) as currently naturalized in Iberian inland waters from the scientific literature and unpublished Spanish Ph.D. theses (http://teseo.mec.es/teseo/). We included species from estuaries and saline coastal lagoons but excluded purely marine taxa and terrestrial animal species not strictly linked to aquatic ecosystems. We list invertebrate and vertebrate species introduced by humans and currently naturalized, i.e. species that reproduce and sustain populations in the wild without human intervention (see e.g. Richardson et al. 2000 , Pyšek et al. 2004 . A few uncertain cases are listed in a separate table. The introduced origin of parasite invertebrates is particularly uncertain but we followed Blanc (1997 Blanc ( , 2001 , who has recently provided a comprehensive list of aquatic parasites introduced to Europe, together with their native distribution.
NATURALIZED ANIMALS IN IBERIAN INLAND WATERS
The invertebrate and vertebrate species naturalized in Iberian inland waters are listed in Tables 1 and 2 , respectively. A few cases, for which it is not clear whether the species is indigenous to the IP or whether they have established, are listed in Table 3 . We found 45 invertebrate and 28 vertebrate species certainly naturalized at present in Iberian inland waters.
Among the 45 invertebrates, 12 were parasites (mostly Platyhelminthes flatworms), mainly of freshwater fish and introduced to Europe from Asia with common carp (Cyprinus carpio), goldfish (Carassius auratus), or Japanese eel (Anguilla japonica Temminck and Schlegel) (see Blanc 1997 Blanc , 2001 ); several of the parasites have now been recorded on fish species indigenous or endemic to the IP (see references in Table 1 ). The remaining 33 invertebrates were free-living species, mostly crustaceans (18 species) or molluscs (6 species). Most of the 28 vertebrates were fish (23 species), and there was no aquatic bird naturalized and only one amphibian and one reptilian species.
The continent of origin was significantly different between vertebrates and invertebrates (independence test; x 2 ¼ 37:1, df ¼ 7, P < 0.0005) because most naturalized vertebrates were native to the rest of Europe (43% of the 28 species) or North America (29%), origins that in turn were rare among invertebrates (0 and 12%, respectively), which predominantly came from Asia (38%). There was no significant variation in origin between free-living and parasitic invertebrates (x 2 ¼ 6:5, df ¼ 5, P ¼ 0.26) or between crustaceans and molluscs (x 2 ¼ 3:8, df ¼ 5, P ¼ 0.59). Table 1 Continued.
GROUP Species
Indigenous distribution The main habitat also differed between vertebrates and invertebrates (independence test; x 2 ¼ 22:8, df ¼ 4, P < 0.0005), because the former were mostly present in streams and rivers (26 of the 28 species were present in streams and rivers) or lakes and reservoirs, whereas several invertebrates were only present in estuaries/saline waters (e.g. several decapod crustaceans introduced into the Guadalquivir River through ballast water) or in rice fields (namely ostracods). Table 3 Animal species possibly introduced to inland waters of the Iberian Peninsula (IP), but with uncertain status. Some species are cryptogenic (Carlton 1996) , i.e. it is very difficult to know whether they are indigenous or introduced; the other species have been reported in the wild but it is uncertain whether they have established permanent populations (naturalized). The mechanism of introduction is obviously also different for invertebrates and vertebrates, because most of the former are accidental introductions (e.g. Asian ostracods in rice fields, ballast water, etc.), whereas most fish species have been introduced intentionally (nowadays illegally). Therefore, naturalized vertebrates and invertebrates showed opposite patterns, with the former (mostly fish) intentionally introduced from the rest of Europe or North America to Iberian streams and reservoirs and most invertebrates originating from Asia and accidentally introduced to estuaries or rice fields.
UNCERTAIN CASES
We found four species for which it is uncertain whether the species is indigenous to the IP and 13 species that they may not have established (Table 3 ). An interesting case illustrating both the lack of knowledge on invasive species and the power of modern genetic techniques is the crayfish of the Austropotamobius pallipes species complex. Until the 1980s the populations in the IP were generally regarded as an endemic species or subspecies in strong decline due to the introduction of the oomycete Aphanomyces astaci Schikora with North American crayfish (Martínez et al. 2003) . Grandjean et al. (2000) showed that two species (A. pallipes and Austropotamobius italicus) could be distinguished within the species complex and that Spanish populations were very close to some Italian populations, so they might be of anthropogenic origin, as already proposed by Albrecht (1983) , and should be regarded as A. italicus. Grandjean et al. (2001) demonstrated a drastic bottleneck in Spanish populations but discussed several potential mechanisms alternative to the hypothesis of introduction by humans. With further genetic analyses, Trontelj et al. (2005) supported the anthropogenic origin for the Spanish populations but did not find unequivocal separation between A. pallipes and A. italicus (but see also Schulz and Grandjean 2005) .
These genetic techniques might also prove useful for tench [Tinca tinca (Linnaeus)] in the IP. Tench is indigenous to many parts of Europe but considered introduced into Italy (Bianco 1998) and Portugal (Almaça 1995) . This latter country shares its largest river basins (Duero, Tajo, and Guadiana rivers) with Spain. There are doubts about its indigenous status in Spain (Doadrio 2002) . In fact, Gómez Caruana and Díaz Luna (1991) considered it introduced into the IP around the 17th century. There are records of tench stocking by monks in Spanish and Portuguese ponds several centuries ago (Almaça 1995, García-Berthou and Moreno-Amich 2000) . As far as we know, no phylogeographic study on tench has been performed, in contrast to many other European cyprinids, although they could be most helpful in clarifying its native distribution.
A similar, more solved example of ''cryptogenic'' species (see Carlton 1996 ) is the case of the freshwater snail Physella acuta (Draparnaud) . This species was first described from Europe (Drapanaud, 1805), namely from the River Garonne, near Bordeaux (France). This species is widely distributed in the IP and the rest of western Europe (Vidal-Abarca and Suárez 1985) and inhabits all types of fresh waters. It has been generally regarded as indigenous to continental Europe (Haas 1929 , Germain 1930 , Macan and Cooper 1977 , Girod et al. 1980 , Vidal-Abarca and Suárez 1985 and its presence in North America was not reported until the 1990s (Wu et al. 1997) . Nowadays, three types of evidence indicate, however, that P. acuta is indigenous to North America and not to Europe: (i) the lack of records of Physella shells from European sediments older than the 18th century (Lozek 1964 ); (ii) recent studies using internal morphology comparisons (Anderson 2003) and reproductive isolation experiments (Dillon et al. 2002) showing that at least one Physella species from North America [Physella heterostropha (Say)] is actually P. acuta; and (iii) some historical data of the cotton trade between France and the United States in the 18th century that could explain the arrival of this species to the River Garonne, where it was first observed (Anderson 2003) .
The case of P. acuta illustrates the importance of historical data and the fossil record as tools for the identification of old introductions by man. Fossil records have been very helpful to establish the introduced nature of ostracods and suggest that dispersal by man of many other invertebrates is very old and has been generally neglected Moroni 1986, Rossi et al. 2003) .
The other group of species in Table 3 are species that have been reported in the wild but it is uncertain whether they have established. There are several other NIS that have been recorded in the wild (see e.g. Elvira and Almodóvar 2001, Pleguezuelos 2002 ) but have certainly not established permanent populations.
ECOLOGICAL IMPACT
The ecological impact of most of these NIS is largely unknown with a few exceptions. The red swamp crayfish, Procambarus clarkii, has altered the functioning and structure of many aquatic ecosystems in the IP reducing macrophytes and associated species, among other impacts (Geiger et al. 2005 ). The eastern mosquitofish (Gambusia holbrooki) has been experimentally demonstrated to affect endemic cyprinodontiform fishes [Aphanius iberus (Valenciennes) and Valencia hispanica (Valenciennes)] by resource and interference competition (Rincón et al. 2002) . The zebra mussel (Dreissena polymorpha) is one of the best known invasive species and, although it is a very old introduction into Portugal, only recently has it been introduced to Spain through the Ebro River, where it is widespread nowadays and might affect the endangered giant pearl mussel, Margaritifera auricularia Spengler (Altaba et al. 2001) . The zebra mussel is still not widespread in the IP, but it will probably be fostered by the illegal, poorly controlled introduction and translocations of fish that are still very frequent.
The polychaete Ficopomatus enigmaticus (Fauvel) is very abundant in some Spanish coastal lagoons and probably profoundly affects its ecosystem functioning because it builds large reef-like aggregates (Schwindt and Iribarne 1998) . Many piscivorous fish have been introduced into the IP and some unique ecosystems such as Lake Banyoles have been profoundly altered and are nowadays completely dominated by NIS (García-Berthou and Moreno-Amich 2000) .
The distribution, abundance, and impact of introduced parasites in the IP is largely unknown but some species such as Lernaea cyprinacea are widespread (Moreno et al. 1986, Gutiérrez-Galindo and Lacasa-Millán 2005) and several of them have now been recorded on endemic fish species (see references in Table 1 ). The swimbladder nematode Anguillicola crassus, which was transferred from its indigenous host (the Japanese eel, A. japonica) to the European eel (A. anguilla), can severely impair swimbladder function (and thus possibly spawning migration) and has caused mortalities in both farmed and wild populations in the presence of other stressors (Kirk 2003) . Similarly to the case of crayfish plague, Gozlan et al. (2005) have recently shown that the topmouth gudgeon, Pseudorasbora parva, an Asiatic cyprinid highly invasive in Europe and recently introduced to the IP, carries a pathogen that strongly affects indigenous cyprinids.
Given the enormous impact of the few well-investigated invasive species, the considerable number of introduced species, and the presence in the IP of many endemic species of plants (Médail and Quézel 1999) , freshwater fish (Doadrio 2002) , and amphibians , the overall potential impact of these naturalized species is enormous and should be urgently investigated. The room for management and educational improvement by public administrations to prevent further introductions and translocations and to reduce the spread of invasive species is even larger. We hope this paper will contribute to the improved understanding and control of invasive species in European waters.
